Resumo: A infestação de insetos durante o armazenamento do feijão-caupi (Vigna unguiculata) é um obstáculo econômico a agricultura. Neste contexto, foi proposto um teste em escala laboratorial, objetivando investigar o potencial fumigante dos óleos essenciais (OEs) 
Introduction
Bean (family: Fabaceae) are important vegetable protein sources and constituting basic diet of communities around the world, including Brazil (the largest consumer), however, global production sharing is lost during storage by weevil action (Callosobruchus maculatus ), a cosmopolitan pest mainly infesting Phaseolus and Vigna genus grains, causing substantial losses to world grains production. [1] [2] [3] [4] [5] [6] [7] The cowpea-weevil is an endemic pest in many regions of the world, including the Brazilian Northeast, causing mainly losses to cowpea production (Vigna unguiculata), ranging from 30 to 90% depending on producing region, grains total and seeds stored, due to insect life cycle that involving grains intake and larvae perforations, resulting on decrease of nutritional value, phytosanitary quality and seeds germination.
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The traditional method reducing economic damage caused by cowpea-weevil requiring fumigant pesticides uses, including magnesium phosphide (phosphine), designated by Brazilian Ministry of Agriculture, through the AGROFIT system, as well as, classified as extremely toxic and dangerous to environment. 15 In Brazil, indiscriminate insecticides employment has promoted environmental impacts and human health damage, specially on rural worker who has more intensively been exposed to such products. [16] [17] [18] On the other hand, plant natural products, such as essential oils, emerging as new molecules potential sources with insecticidal activity, becoming a potential alternative to pest storage control, in face to lower environmental and economical impact, in contrast to pesticide employment.
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Essential oils are mainly extracted by steam or hydrodistillation, it is a complex mixture of different substances classes, mainly terpenoids and phenylpropanoids, with diversified chemical structures produced by special metabolism [22] [23] [24] [25] ( Figure 1 ) and specially involved on species-specific ecological interactions, [26] [27] [28] for example inhibition of herbivory. 29, 30 The aim of this study was evaluating [36] [37] [38] essential oils toxic effects against cowpea-weevil were reported on scientific literature. On the other hand, studies reporting S. terebinthifolius and C. verbenacea works essential oil effects were not demonstrated on cowpea-weevil. Biological activity in regarding to essential oil from those species against fungi, bacteria and insects were reported, as wel. 22, [39] [40] [41] [42] [43] Figure 1. Some volatiles compound obtai ed fro differe t aro atic pla ts. α-pinene 1, β-pinene 2, δ-3-carene 3, ρ-cymene 4, --sabinene 5, myrcene 6, (-)-limonene 7, linalool 8, eucalyptol 9, citronellal 10, menthol 11, citronellol 12, nerol 13, neral 14, 
Essential Oils Composition and Content
Essential oils from fresh leaves were obtained by hydrodistillation in Clevenger apparatus for one hour, except for S. terebinthifolius fruits homogenized and distilled for three hours. Hydrodistilled (20 ml) were collected, partitioned with CH 2 Cl 2 (4 × 5 ml), dried with anhydrous Na 2 SO 4 , concentrated in rotary evaporator and then with N 2 gas. The essential oil content (% w/w) was evaluated by the gravimetric methods and composition was analyzed by GC/FID and GC/MS.
GC/FID and GC/MS Analyses
GC analysis was carried out on a HewlettPackard 5890 II (Palo Alto, USA) apparatus equipped with flame ionization detection (FID) and a split/split less injector, on a 1:20 split ratio was used to separate and detect essential oil constituents. Substances were separated into the fused silica capillary column VF-5ms (30 m × 0.25 mm i.d., film thickness 0.25 µm, Agilent J&W). Oven temperature was programmed at 60° for 2 min, followed by heating at 5°/min to 110°, followed by heating at 3°/min to 150° and finally followed by heating at 15°/min until 290° and holding constant for 15 min. Injector temp., 220°; detector temp., 280°; carrier gas, He (1 ml/min). Injected volume was 1 µl on a 1:20 split ratio. Percentage of essential oil compounds was calculated from relative area of each peak analyzed by FID.
Essential oils were analyzed on a GC/MS QP-2010 Plus (Shimadzu, JPN). Carrier gas Flow (He), capillary column and temperature conditions for GC/MS analysis were the on same as described for GC/FID. Temperature injector, 220°; temperature interface, 250°. 
Biological Assay and Statistical Analysis
Falcon tube (50 ml) containing 30 grains of cowpea, 9 insects (6 male and 3 female) with 2 days old and healthy were used for biological assay. Aliquots with 10 µl of O. basilicum essential oil and 20 µl of other essential oils were transferred to paper discs filter, previously fixed to falcon tubes cap, providing concentration of 0.2 and 0.4 µl/cm 3 . Same procedure was performed for control that did not receive essential oils. Test was carried out with five replicates per treatment. Then, tubes were closed and stored in chamber at 27° (± 1°). Mortality was recorded 48 h after essential oil application, then caps were removed and replaced by a fine mesh, oviposition was assessed after 72 h and new adults emergence after 27 days. Results obtained were subjected to variance analysis and means evaluated for significance test (with alpha = 0.05) using Sigmastat 2.03 (Systat Software Inc, USA) program. Results were converted to percentages relative to controls and showed in tables. [46] [47] [48] [49] [50] [51] [52] [53] but with small differences, consequences of environmental factors, nutrient availability, ecological interactions and genotypic differences, modulating the production and essential oil quality. 54 The wide factors range modulating essential oil quality might be the best explanation for information diversity on chemical profile for the same species. 
Results and Discussion

Essential oil Composition and Content
Biological Activity
Eight different essential oils extracted by hydrodistillation, each one with its chemical profile were used to compose biological assay treatments to cowpea-weevil insects, and results showed that C. citratus essential oil did not change on insect mortality, on the other hand, oviposition (96.1%) and the new adults emergence (98.5%) were strongly inhibited. Similar results in treatment with S. terebinthifolius essential oil causing low mortality (33.3%) were noted, however associated to higher oviposition inhibition (82.4%) and new adults emergence (96.9%).
Low mortality level was observed in cowpea-weevil treated with C. citratus, C. verbenacea and S. terebinthifolius essential oils, as well as, can be related to monoterpene esters lack and phenylpropanoids in essential oil composition, on the other hand, cowpeaweevil treated with C. verbenacea essential oil, with 94% sesquiterpene, showed low oviposition inhibition (33%) and new adults emergence (22.5%). ) in regarding to other treatments. It should also be explained that, unlike other treatments, O. basilicum essential oil was used in lesser concentration, in the reason of compound availability was also lesser, thus, requiring adjustment on assay.
Considering that essential oil has a complex chemical profile, designation of responsible component by biological activity is difficult. However, literature reported mechanisms action of several essential oil compounds on insects metabolism and physiology, 42 emphasizing that toxic action is due to synergism of different essential oil compounds. 21, 22, 42 Other aspect observed is related to low molecular weight compounds percentages (with higher steam pressure) in essential oil and its higher toxicity, as showed on table 2. Similar observations were described to terpenes against Aedes aegypti and also concerning to monoterpene hydrocarbons with low molecular weight and compounds lipophilicity, [56] [57] [58] [59] as well as, results evaluating several other essential oils effects by fumigation on cowpea-weevil and its toxic action. [31] [32] [33] [34] [35] [36] [37] [38] 40, 41, [60] [61] [62] 
Considerations
It should be emphasized that this study, like others ones previously mentioned, point out to the possibility of essential oils employment as an alternative tool for storage pest control, in replacement of indiscriminate pesticide use, and its impact on the environment, health and the economy, especially, with regard to small farmers. However, this promising alternative requires more further studies in pilot scale, looking for developmental of new products and technologies related to agriculture.
It is also important mentioning that this work presents unpublished information about fumigant activity of two plant species against cowpea-weevil, C. verbenacea and S. terebinthifolius both native species from Brazilian Atlantic Forest. The first species showed low effect on cowpea-weevil life cycle, however, the second one presented 97% new adult emergency inhibition. Schinus terebinthifolius is an interesting plant for further studies development looking for new products for agriculture, mainly, considering specie availability and access, as well as, high dried fruit essential oil content. 
Conclusions
